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1	Introduction
In RAN1#106b-e meeting, the following agreements was achieved for enhancements on multi-beam operation.
	Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI:
· For the number of codepoints in the TCI field for DCI-based beam indication (hence the number of codepoints activated via MAC-CE-based TCI state activation), the largest value is 8
· Further discuss and finalize in RAN1#106bis-e: the largest number of configured TCI states (including joint TCI state(s), DL-only TCI state(s), and/or UL-only TCI state(s))

Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI:
· For DL channels/signals that do not share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update), all the QCL rules defined in section 5.1.5 in 38.214 are supported
· [bookmark: _Hlk84321626]Note: For CSI-RS used to provide QCL indication for non-UE dedicated channels, the CSI-RS should only be QCLed with SSB of the same PCID as that from the serving cell
· [bookmark: _Hlk84321692]For DL channels/signals that share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update), the following options on source RSs and QCL-Types are supported
· Option 1: TRS is configured for QCL-TypeA source RS and CSI-RS for BM is configured for QCL-TypeD source RS
· Option 2: TRS is configured for QCL-TypeA and QCL-TypeD source RS
· Note: For inter-cell beam management, SSB with PCID different from that from the serving cell can be used as a QCL Type-C/D source RS for CSI-RS for BM and/or TRS 
· Further discuss and decide in RAN1#106bis-e whether CSI-RS for CSI can be used as a source RS or not, and if so whether some restriction(s) are needed

[bookmark: _Hlk84321752]Agreement
On Rel.17 unified TCI framework, remove the brackets and clarify as indicated in red from the following previous agreement:
	On Rel-17 unified TCI framework, support common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs:
· …
· Just as Rel.16, the source RS in the Rel-17 TCI state that provides QCL-TypeA [or QCL-TypeB] shall be in the same CC as the target channel or RS
· …



Agreement
On Rel.17 unified TCI framework, the source RS in the Rel-17 TCI state that provides QCL-TypeA or QCL-TypeB shall be in the same CC/BWP as the target channel or RS

Agreement
[bookmark: _Hlk84321878]On path-loss measurement for Rel.17 unified TCI framework, a PL-RS (configured for path-loss calculation, already assumed periodic) is either a periodic CSI-RS or an SSB. When a periodic CSI-RS is used as a PL-RS,
· Opt2. Both 1- and 2-port (reusing Rel-16 UE capability signalling) periodic CSI-RS are supported for PL-RS

Agreement
On Rel.17 unified TCI framework, regarding the common TCI state ID update and activation for CA, 
· The details on how the PDSCH configuration (for each of those CCs/BWPs) contains a reference to the RRC-configured TCI state pool(s) in a reference BWP/CC are up to RAN2

Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, the L1-RSRP reporting reuses Rel-15 L1-RSRP table

Agreement
On Rel.17 enhancements to facilitate MPE mitigation, support N=1, 2, 3, and 4
· N is defined as the number of reported measurements
· UE reports supported largest N value as a UE capability

Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, NMAX (the maximum number of RRC-configured PCIs different from the serving cell for measurement/reporting) is up to UE capability with candidate values of at least 1 and X.
· Note: The upper bound for X as agreed in AI 8.1.2.2
· When NMAX is configured to be X, the UE is RRC-configured for L1-RSRP measurement with up to X PCIs different from the serving cell PCI 
· Additional restriction may be added by RAN4
· FFS: UE measurement behaviour when SSBs associated with different PCIs overlap, including whether this is up to UE capability 

Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication for CA, the first slot and the Y symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. 
· For Rel-17 MAC-CE based beam indication (when only a single TCI codepoint is activated) and activation, it follows the Rel-16 application timeline of MAC-CE activation
· How to capture this in the specifications is up to the editors

Agreement
On Rel.17 enhancements to facilitate MPE mitigation, confirm the following working assumption (in the midst of the previous agreement) as an agreement with the following refinement (highlighted in red):
	On Rel.17 enhancements to facilitate MPE mitigation, support the following enhancement on the Rel-16 event-triggered P-MPR-based reporting (included in the PHR report when a threshold is reached, reported via MAC-CE):
· In addition to the existing field in the PHR MAC-CE, N≥1 P-MPR values can be reported 
· The N P-MPR values are reported together with the following: 
· (Working Assumption) For each P-MPR value, up to M SSBRI(s)/CRI(s), where the SSBRI(s)/CRI(s) is selected by the UE from a candidate SSB/CSI-RS resource pool (FFS: how to perform the selection) 
· Support M=1
· FFS: The supported value(s) of M 
· FFS: Additional reporting quantities, e.g. SSBRI/CRI, MPR+DL RSRP, or modified virtual PHR
· FFS: additional signaling (e.g. CSI triggering) from the NW



Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI, the largest number of configured TCI states is given as follows (following Rel-15/16 principles): 
· When a UE is configured with joint DL/UL TCI: the largest number of configured TCI states for joint DL/UL TCI state update is 128 per BWP per CC
· Further discuss and decide in RAN1#106bis-e when a UE is configured with separate DL/UL TCI

Conclusion 
On Rel.17 unified TCI framework, in case of separate DL/UL TCI, it is up to RAN2 whether UL TCI shares the same TCI state pool as joint DL/UL TCI or UL TCI uses a separate TCI state pool from joint DL/UL TCI
· Note: By previous agreements, DL TCI shares the same TCI state pool as joint DL/UL TCI

Agreement
On Rel.17 enhancements to facilitate MPE mitigation, the candidate resource pool corresponds to a CSI-RS/SSB resource set configured via RRC (details up to RAN2) 

Conclusion
On Rel.17 unified TCI framework, there is no consensus in supporting the following DL source RS type:
· SSB as QCL Type-D source RS, with TRS as QCL Type-A source RS
· SRS for BM as QCL Type-D source RS, optionally with TRS as QCL Type-A source RS
  
Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, in RAN1#107-e, select one of the following alternatives:
· Alt1. Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP
· Alt2. Differential L1-RSRP per PCI is used: When more than one L1-RSRP(s) associated with a same PCI are reported, Rel-15 L1-RSRP reporting format is used for L1-RSRP(s) associated with the same PCI , i.e. 4-bit differential L1-RSRP (s) calculated relative to the PCI -specific reference (absolute) 7-bit L1-RSRP 

Agreement
On Rel.17 unified TCI framework, for the case when the settings of (P0, alpha, closed loop index) for PUSCH, PUCCH, and/or SRS are associated with UL or (if applicable) joint TCI states per BWP, for each of the PUSCH, PUCCH, and/or SRS, one individual setting is optionally associated with each of the UL or (if applicable) joint TCI states in a BWP via RRC 
· FFS : MAC-CE based update for the closed loop index associated with UL or (if applicable) joint TCI  state
· Above is applicable for eMBB
· FFS : Details on power control setting for URLLC

Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI, for DL or UL channels/signals that can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH or dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources (via Rel-17 MAC-CE/DCI TCI state update):
· For DL: A non-UE dedicated PDCCH/PDSCH associated with the serving cell PCI or AP CSI-RS for BM or CSI (per previous agreements) sharing the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update) is configured via RRC.
· For UL: An SRS for BM, for antenna switching, or for codebook/non-codebook based uplink transmission (per previous agreements) sharing the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources (via Rel-17 MAC-CE/DCI TCI state update) is configured via RRC.
Note: The details of this RRC configuration (e.g. whether via a new RRC parameter or other means) is up to RAN2. This does not imply that a new RRC parameter(s) is necessary from RAN1 point of view.
FFS: Relevant UE capability to be discussed under UE feature agenda item.

Agreement 
Reply LS to RAN2 on inter-cell beam management and multi-TRP is endorsed in R1-2110631




2 Efficient beam management
2.1 Unified TCI framework
In RAN1#106b-e meeting, there is no consensus on the largest number of configured TCI states (including joint TCI state(s), DL-only TCI state(s), and/or UL-only TCI state(s)). Some companies proposed that 128 TCI states are enough. While some companies proposed that 128 are not enough and the number of TCI states should be expanded to 192 or 256. In Rel-16, the largest number of TCI states for PDSCH the UE can be configured with is already 128. The Rel-17 TCI states are not only used for reception on UE-dedicated PDSCH but also used for reception on UE-dedicated PDCCH. Therefore, the largest number of TCI states should be greater than 128 whether UL TCI shares the same TCI state pool as joint DL/UL TCI or UL TCI uses a separate TCI state pool from joint DL/UL TCI.
Observation 1: 128 TCI states are not enough whether UL TCI shares the same TCI state pool as joint DL/UL TCI or UL TCI uses a separate TCI state pool from joint DL/UL TCI.
[bookmark: OLE_LINK9]In Rel-16, the largest number of TCI states for PDCCH or PUCCH the UE can be configured with is 64, respectively. If UL TCI shares the same TCI state pool as joint DL/UL TCI, the largest number of TCI states should be 256. If UL TCI uses a separate TCI state pool from joint DL/UL TCI, the largest number of DL TCI states should be 192.
Proposal 1: If UL TCI shares the same TCI state pool as joint DL/UL TCI, the largest number of TCI states should be 256. If UL TCI uses a separate TCI state pool from joint DL/UL TCI, the largest number of DL TCI states should be 192.
In RAN1#106b-e meeting, there is no consensus in supporting SSB as QCL Type-D DL source RS with TRS as QCL Type-A DL source RS on Rel-17 unified TCI framework. In Rel-16, before TRS configured, SSB can provide QCL Type-A and Type-D information for UE-dedicated reception on PDSCH/PDCCH. After TRS configured, the QCL Type-A and Type-D information for UE-dedicated reception on PDSCH/PDCCH can be provided by TRS and CSI-RS for BM. In our opinion, whether SSB can be as QCL Type-D DL source RS on Rel-17 unified TCI framework can follow Rel-16 mechanism.
Proposal 2: support SSB as QCL Type-D source RS for UE-dedicated reception on PDSCH/PDCCH before TRS configured.
In RAN1#106b-e meeting, there is no consensus in supporting SRS as QCL Type-D DL source RS optionally with TRS as QCL Type-A DL source RS on Rel-17 unified TCI framework. In Rel-16, for DL beam indication, SSB and CSI-RS are source RSs in TCI state, while for UL spatial Tx filter, SSB, CSI-RS and SRS are source RSs in spatial relation. Obviously, SRS cannot be applied to indicate DL beam for DL channels. The reason may be that the number of SRS resources for beam management is much less than that of CSI-RS resources for beam management and the UE do not support beam correspondence in the case of MPE. But in our opinion, the less SRS resources can lead to much quicker UL beam training. It can reduce the latency of beam training and does not need DL beam management. Although the UE has MPE impact sometimes, for the beam correspondence situation without MPE impact, the UL measurement results cannot be used for TCI state indication when SRS resource set is applied to UL beam training. In the case of beam correspondence, the results of UL beam training are not fully utilized and thus lead to additional measurement. We propose that SRS can be source RS in unified TCI state for DL beam indication. In the other words, the source RSs of unified TCI state are unified into SSB, CSI-RS and SRS. This solution can fully utilize the UL beam measurement and reduce the cost of beam management, latency of obtaining the optimal beam link.
Proposal 3: Support SRS as QCL Type-D source RS for UE-dedicated reception on PDSCH/PDCCH.
In RAN1#103-e meeting, it was agreed that a pool of joint DL/UL TCI state is used for joint DL/UL TCI state update. In RAN1#106b-e meeting, there is still no consensus on whether UL TCI state shares TCI state pool with joint/DL TCL state or uses separate TCI state pool. Comparing TCI state and spatial relation in Rel-16, they have many similar configurations and functions. In RAN1#106-e meeting, it was agreed that PC parameters (including PL-RS, P0, alpha and closed loop index) are associated with joint TCI state. This means the joint TCI state can indicate UL Tx spatial filter. Therefore, in our opinion, sharing TCI state pool with joint/DL TCI state is more unified on Rel-17 unified TCI framework. It can also reduce RRC signalling overhead. We still propose to use the same pool of joint TCI state for separate DL/UL TCI state update again.
Proposal 4: Support to use the same pool of joint TCI state for separate DL/UL TCI state update.
2.2 TCI update signalling
In RAN1#105-e meeting, it was agreed that MAC-CE and DCI are used for TCI state activation and indication. For separate DL/UL TCI state, DL TCI state and UL TCI state need to be indicated by DL DCI and UL DCI, respectively. The Transmission configuration indication field in DL DCI (e.g. DCI format 1_1, 1_2) in current specification can be reused to indicate DL TCI state. But there is not a filed like the Transmission configuration indication field to indicate UL TCI state. Therefore, a new field (e.g. UL Transmission configuration indication) should be introduced into UL DCI (e.g. DCI format 0_1 and/or 0_2). This filed contains a maximum of 3 bits. Up to 8 unified TCI states in the TCI state pool are mapped to the codepoints of this filed. When this filed contains 0 bit, UL Tx spatial filter is derived from the unified TCI state applied for DL beam indication. In this case, the joint DL/UL TCI state is applied because the TCI state applied for UL Tx spatial filter is associated with that applied for DL beam indication. When this filed contains 1 or 2 or 3 bits, this filed indicates which TCI state activated by MAC CE is applied for UL Tx spatial. In this case, the separate DL/UL TCI state is applied because the TCI state applied for UL Tx spatial filter is independent on that applied for DL beam indication.
Proposal 5: Introduce a new filed (e.g. UL Transmission configuration indication) into UL DCI (e.g. DCI format 0_1, 0_2) to indicate UL TCI state.
2.3 Path loss reference signal
In RAN#105-e meeting, it was agreed that “a PL-RS (configured for path-loss calculation) is either included in UL TCI state or (if applicable) joint TCI state or associated with UL TCI state or (if applicable) joint TCI state” and “Whether it is ‘included in’ or ‘associated with’ (including the manner it is performed and the signaling) is up to RAN2”. 
In Rel-16, each UL channel has its own path loss reference signal list. For example, path loss reference signal lists for PUCCH, PUSCH and SRS are configured in higher parameter PUCCH-PathlossReferenceRS, PUSCH-PathlossReferenceRS and PathlossReferenceRSList, respectively. This current solution not only results in RRC signaling overhead and but also is hard to satisfy the unified TCI framework. It is necessary to introduce a pool which consists of path loss reference signal(s), like the TCI state pool. This solution can reduce RRC signaling overhead. Meanwhile, path loss reference signal including in/associated with UL/joint TCI state.
Proposal 6: Support to introduce a pool that consists of path loss reference signal(s).
In Rel-16, path loss reference signal(s) applied for power control of PUSCH and SRS are indicated by different MAC CE, respectively. This current mechanism can be reused, as shown in Figure 3. But the Pathloss Reference RS ID filed in MAC CE needs to be expanded. Because if there is not coincident among path loss reference signal list for PDCCH, PDSCH and SRS, the maximum of path loss reference signals in the pool is 192. In Rel-16, path loss reference signal applied for PUCCH power control is indicated by spatial relation applied for PUCCH. To be more unified, a new MAC CE can be introduced to indicate path loss reference signal(s) for PUCCH. An example of the new MAC CE is shown in Figure 4.
[image: ]
Figure 3. The procedure of unified path loss reference signal application.

[image: ]
Figure 4. An example of MAC CE used for path loss reference signal(s) indication for PUCCH.
Proposal 7: Support to reuse the MAC CE in Rel-16 used for path loss reference signal indication for PUSCH and SRS. But the Pathloss Reference RS ID filed in MAC CE should be expanded.
Proposal 8: Introduce a new MAC CE used for path loss reference signal indication for PUCCH.
3 Conclusion
In this contribution, enhancements for multi-beam operation are discussed. Below are the observations and proposals:
Observation 1: 128 TCI states are not enough whether UL TCI shares the same TCI state pool as joint DL/UL TCI or UL TCI uses a separate TCI state pool from joint DL/UL TCI.
Proposal 1: If UL TCI shares the same TCI state pool as joint DL/UL TCI, the largest number of TCI states should be 256. If UL TCI uses a separate TCI state pool from joint DL/UL TCI, the largest number of DL TCI states should be 192.
Proposal 2: support SSB as QCL Type-D source RS for UE-dedicated reception on PDSCH/PDCCH before TRS configured.
Proposal 3: Support SRS as QCL Type-D source RS for UE-dedicated reception on PDSCH/PDCCH.
Proposal 4: Support to use the same pool of joint TCI state for separate DL/UL TCI state update.
Proposal 5: Introduce a new filed (e.g. UL Transmission configuration indication) into UL DCI (e.g. DCI format 0_1, 0_2) to indicate UL TCI state.
Proposal 6: Support to introduce a pool that consists of path loss reference signal(s).
Proposal 7: Support to reuse the MAC CE in Rel-16 used for path loss reference signal indication for PUSCH and SRS. But the Pathloss Reference RS ID filed in MAC CE should be expanded.
Proposal 8: Introduce a new MAC CE used for path loss reference signal indication for PUCCH.
4 Reference
[1]	Chairman’s Notes RAN1#106b-e
[2]	Chairman’s Notes RAN1#106-e
[bookmark: _GoBack][3]	Chairman’s Notes RAN1#105-e
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